FIGURES
.
Page 2. Location of offshore seismic refraction profiles. In Italic -OBS which did not record data. Inset -Overview of offshore-onshore part of the experiment and locations of earthquakes. Figure 2 .
Page 4. Photographs of Canadian OBS ready for deployment (above) and USGS OBS during deployment. The data recorded by these OBSs were intended to delineate the offshore continuation of crustal structure under the Los Angeles Basin. The experiment, conducted in October 1994, was a cooperative study involving scientists from the U.S. Geological Survey, Caltech, the University of Southern California, the University of California Los Angeles, and the Southern California Earthquake Center (SCEC). The offshore wide-angle seismic experiment was the first such experiment in the area since 1958. The data quality recorded on the OBSs was very good with high signal-to-noise ratio on PmP arrivals in the majority of the OBSs. The total OBS data recovery rate for both deployments was about 80%. This report details the experimental design, the data format, the processing steps and other information pertinent to data analysis and modeling. It also presents seismic refraction records of the offshore area recorded by OBS and selected surrounding land stations.
A World-Wide-Web site has been established for the OBS component of the LARSE experiment showing the location of the experiment, samples of the data, and a short version of this report. The site can be found under http://obs.er.usgs.gov.
RATIONALE FOR THE EXPERIMENT
Combined offshore-onshore seismic experiments have become standard in recent years, because of the understanding that geological provinces cross from land to sea, and because marine air-gun sources are safe, highly repeatable, and inexpensive relative to land explosions (Brocher, 1995) . The LARSE experiment recorded air-gun blasts generated by the R/V Ewing at seismographs deployed on land along two north-south lines crossing the Los Angeles region. The OBS component, designed to give the seismic velocity structure under the seismic source, is needed for accurate analysis of the land portion of the lines.
A second reason for the offshore component of the experiment is to delineate the seismic velocity structure of the offshore California Borderland province. An accurate velocity model there should enable refinements of the velocity model used to locate earthquakes. An accurate velocity model can be used to predict focusing of energy from earthquakes caused by low-velocity regions, favorably oriented seismic reflectors, and local site-amplification.
There has previously been only one large-scale refraction experiment offshore the Los Angeles basin, but the data were sparse, were not digitally recorded, and were analyzed by one-dimensional ray-tracing models (Shor and Raitt, 1958) . The crust was determined to be 24-kfn-thick in the area between Catalina and San Clemente Islands increasing to 30 km on shore and decreasing to 18 km under the Patton Ridge close to the continent-ocean boundary (Shor and Raitt, 1958) . The crust in their model had a P-wave velocity of 6.7±0.1 km/s below a depth of 6 km across the entire Borderland province. Because of the geological structure of the area (thin or missing sedimentary cover underlain by the highly diffractive Catalina Schist), multichannel seismic reflection (MCS) techniques have failed to image the deep crust (Bohannon and Geist, in press ). Wide-angle reflection and refraction techniques retain the high density of ray paths that characterize MCS techniques, but are expected to yield larger amplitude reflections according to ray theory, as the critical angle of incidence is approached or exceeded.
EXPERIMENTAL DESIGN
Two offshore-onshore lines, oriented north-south and centered on the Los Angeles basin at the epicenters of the 1933 Long Beach, the 1987 Whittier-Narrows, and the 1994 Northridge earthquakes, were recorded during the experiment (Figure 1) 
Land Seismometer A Ocean Bottom Seismometer -Active fault The R/V Maurice Ewing's 20-element air gun array, totaling 137.7 liters (8470 cu. in.), was used as a seismic source for the wide-angle seismic recordings . The array, composed of Bolt air guns, was generally towed at depths between 8 and 10 meters. The ship-togun distance varied for each gun to minimize fouling the air-gun towing harnesses and to optimally separate the air bubbles created by the air gun array: the center of the air gun array was towed approximately 87.4 meters behind the Magnavox Global Positioning Satellite (GPS) receiver of the ship. The width of the air gun array across the beam of the ship was 33.8 meters. The sizes of the air gun chambers varied from 145 cu. in. (2.4 liters) to 875 cu. in. (14.2 liters) to provide a tuned outgoing source wavelet. Air gun shot times recorded in the navigation files were from the air gun fire command time determined from a Magnavox GPS clock. Given the less than a millisecond jitters in the air gun firing times, these shot times are considered accurate to within a millisecond. The Ewing fired the array at a slow rate (every 60 and 90 seconds along Lines 1 and 2, respectively) to minimize acoustic-wave interference from previous shots in the OBS data (Table  1) . These rates correspond to shot intervals of -150 meters and -225 meters, respectively. The Ewing repeated portions of these lines up to 5 additional times with a repetition rate of 20 seconds (which corresponds to -50 meters shot interval) to enhance the fold of the wide-angle data recorded onshore. Multichannel seismic reflection data were also recorded during these additional passes by the Ewing's 4.2-kilometers, 160-channel, digital streamer.
The OBSs were deployed from and recovered by the R/V Yellowfin, a 76-foot vessel operated by the Southern California Marine Institute, a consortium of universities in Southern California, and based in San Pedro, California. Seven of the OBSs were operated by the USGS Eastern Marine and Coastal Team, Northeastern Section; the two additional OBSs were loaned for the LARSE experiment by Dalhousie University, Halifax, Nova Scotia (Figure 2 ). The sensors, used by the two different OBSs were nearly identical, yielding nearly matched instruments for the experiment. Separate OBS deployments were made along Lines I and 2 (Table 2) . Each OBS deployment recorded air gun signals only along the line on which it was deployed. Shots were recorded continuously from a pre-programmed time on four channels (vertical geophone, two horizontal geophones, and a hydrophone). USGS OBS data were recorded at a sampling interval of 10 milliseconds and Dalhousie OBS data were recorded at a sampling interval of 5.73 milliseconds. Data from USGS OBSs were later separated to 60 sec long traces starting after each shot, and those of the Dalhousie OBS to 30 sec long traces. For the most part, the OBSs were concentrated on the northern ends of these lines, to help resolve the velocity structure nearest the Los Angeles Basin. One OBS on the Line 2 deployment was deployed to the southwest of San Clemente Island in an attempt to record reversed upper mantle refractions (Pn).
LOG OF THE EXPERIMENT
Nine OBSs along Line 1 were deployed on 12 October 1994 after being programmed to begin recording at 1600 UTC on JD 286 (0900 L on 13 October 1994). These OBSs recorded during both OBS and MCS passes of Line 1 (Lines 01 and 01R) made by the Ewing, and were recovered in the night and morning of 14-15 October 1994. Eight OBSs were immediately recovered from this deployment and all 8 provided useful data for Lines 01 and 01R (as well as for part of Line 01X). OBS Cl was found floating at the surface after being lost for about 4 days. This OBS apparently did not stay attached to its anchor and released shortly after impacting the sea floor, The remaining eight OBSs were deployed along Line 2 between 0900 and 1800 UTC on JD 290 (0200 and 1100 L on 17 October 1994), and were programmed to begin recording at 0200 UTC on JD 291 (1900 L on 18 October 1994). The OBSs were recovered between 0215 and 1420 UTC on JD 292 (night and morning of 19-20 October) and thus recorded both OBS and MCS passes of Line 2 (Lines 02R and 02X); four OBSs recorded at least part of MCS Line 02Y (Table 1) . Two OBSs, C9 and A2, were not immediately recovered from this deployment ( Table 2 ). Both were found floating at the sea surface after the LARSE MCS experiment ended. OBS A2 recorded 100 shots (12%) of Line 02R before it released prematurely. OBS C9 stayed on the sea floor for nearly a day, and recorded 550 shots of Line 02R (representing 66% of the line). OBS C_ failed to record any useful data during this deployment ( Table 2 ). The other OBSs recorded a total of 721 shots during Line 02R and 1296 shots during 02X. *OBS was not immediately recovered but was found drifting a few days after the others were retrieved. C9 recorded useful data on line 2 before drifting off, but Line 1 Cl and Line 2 A2 did not. #OBS failed to record data.
When a range of depths is given, the depth-sounder on the Yellowfin could not provide more accurate readings at these depths. %Land stations (designated by L#) have negative depth. Reftek elevations for stations L4 and L89 are relative to the WGS84 spheroid. At Reftek L89, Geoid is 34.9 m below spheroid, and at L4 -36.3 m, hence these amounts were added to the elevation. Elevations for Stations LI and L2 were taken off the topographic map.
The premature releases of the OBSs were caused by a manufacturing defect (hydrogen embrittlement) of the plated steel springs, which tie the OBSs to their bottom weight. As a result, springs ruptured spontaneously and the OBS floated to the surface. Recording system continuous digital recording at 100 samples/sec from a pre-programmed start time on 4 channels (3 geophones +1 hydrophone). Data logger -"Tattletale 6" with 1 MByte memory buffer and 200 MByte of hard disk.
SPECIFICATIONS OF THE USGS OBS
Dynamic range 72 dB (AD converter) + 30 dB step gain range for each data point.
Data handling Binary with header information for each 1 MByte of data. Data is transferred from the hard disk to an Exabyte tape drive after each deployment via a 486 PC.
Clock
Oven crystal oscillator accurate to 10 ~8. Oscillators are interfaced with GPS clock for accurate calibration before and after deployment.
Power supply 72 Alkaline batteries providing +24 V, +12 V, and -12 V for 10 days deployment.
SPECIFICATIONS OF THE DALHOUSIE UNIVERSITY OBS
Housing/Platform Uses existing design of Bedford Inst. of Oceanography OBS with a maximum water depth 01 i km. Weight in air: instrument -82 kg; anchor -55 kg. Size -l.lm high; 1.2 m long; 0.6 m wide. 
RECORD SECTIONS
We present wide-angle seismic sections recorded by the instruments listed in Table 2 for Line 1 (Figures 3-11) and Line 2 (Figures 13-21) . The sections were recorded by the vertical geophone of the OBSs (channel 1) and of the land seismometers (PASSCAL Reftek). For the OBSs, data from channel 4 (hydrophone) may have slightly higher frequency content at small offset than channel 1, but their amplitudes decay more rapidly with offset. The quality of data from channels 2 and 3 (horizontal geophones) is generally poor. Denser data (every 50 m) were recorded by all instruments during other passes of the ship over the profiles (Lines 01R, 01X, 01 Y, 02X, 02Y), but the data are similar in quality to the data presented here.
We also include seismic reflection profiles for these two lines on which we annotated locations of the OBSs and the projected locations of the land instruments. The MCS data for Line 01 ( Figure  12 ) are a brute stack (courtesy of Kirn Klitgord, USGS). The profile for Line 02 (Figure 22 ) is a single-channel monitor extracted aboard the R/V Ewing from channel 150, which is 412.5 m behind the center of the airgun array.
The processing sequence for the record sections presented in Figures 3-11 
